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18. MODERN MECHANISMS MAKE MANLESS MARTIAN MISSION MOBILE — 

SPIN-OFF SPELLS STAIRCLIMBING SELF-SUFFICIENCY 
FOR EARTHBOUND HANDICAPPED 

By George N. Sandor, David R. Kassel 
and Philip F. Marino 

Rensselaer Polytechnic Institute 
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Spousored hy NASA at Rensselaer Polytechnic Institute in Troy, New York, 
under Mission-Hardware Research Grant No. NGL 33-018-091, an annually changing 
grotq|> of undergraduate and graduate students under Dr. Sandor 's direction h®ve 
developed concepts for three wheel chairs, progressively improving designs 
a proposed iinmeumed roving vehicle for the surface exploration of Mars and, as 
a spin-off, have generated a concept for a stair-climhing wheel chair. The 
mechanisms employed in these are described in this paper. The Mars mission 
is envisioned using the booster rockets and aeroshell of the Viking missions. 


INTRODUCTION 


Rensselaer Polytechnic Institute's (RPI) first concept was a four- 
wheeled dragster-like rover with the weight of a single payload package car- 
ried largely by the driven rear wheels (refs. 1-5, 8, 9^ and 11). The un- 
driven firont wheels, which were well ahead, served for "wagon steering" and 
for obstacle detection. In case one or both front wheels dropped In a cre- 
vasse or over a ridge, the vehicle would stop and perform an emergency 
maneuver extricating its front end from the obstacle. 

The ^eels were a new RPI design: "toroidal" all-metal elastic wheels 

with crosswise hoop-spokes hinged to, but spaced apart from the flexible, 
grousered rim, which provides for a large footprint and avoids "stone- 
crushing" between rim and spokes (refs. 6, 7, and 12). 

The second-generation vehicle could be folded to about two-thirds of its 
length for launch, with the payload at one end. 


MECHANISMS OF THE MARS ROVER 


RPI's present third-generation Martiai\ Roving Vehicie (MRV) design is a 
four-wheel, single payload vehicle. Its demonstration model is shown in the 
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folded "launch-and-land" configuration in Figure 1. When fully deployed, 
approximately 70% of the veight is carried on the driven rear wheels, assur- 
ing good traction. 

To fit inside the existing Viking aeroshell, the vehicle is much smaller 
in the folded configuration than in its roving mode. This oollapsibility 
allows a relatively 3arge volume for the payload of the vehicle and a larger 
vehicle wheelbase euid wider track than would otherwiSw oj possible. Once on 
the surface of Mars, the vehicle must be ablf to deploy itself into the roving 
configuration. As will be seen, this is acccmplished by the use of motor and 
gear assemblies which are used for other purposes during the vehicle*s roving 
phase. Thus no additional weight and complexity is required for self-powered 
deployment, 

RPI's MRV is capable of raising and lowering the payload and changing 
the payload attitude by the use of two motor-gear assemblies within the ve- 
hicle. On the demonstration model, each of these consists of an interr.'»lly 
geared permanent-magnet "pancake” motor working with a worm-and-gear pair 
(Fig. 2). These two assemblies control rotation between the front section 
of the vehicle and the payload box, and rotation between the rear strurs and 
the payload box. The rear struts are rotated by a torsion bar running across 
the payload box, keyed at the center to the smaller worm gear in Figure 2 and 
driven 1^ a worm mounted in bearings attached to the gearbox floor. Each 
half of the torsion bar provides elastic suspension for its respective rear 
strut. The front section of the vehicle is rotated by a split torque-tube 
concentric with and surrounding the rear-strut torsion bar. The right and 
left sections of the tube leave room for the worm-gear mounted in the middle 
on the torsion bar. A rigid inverted U-shaped crossover piec( .onnects these 
two half-tubes (Fig. 2), lending torsional rigidity to the ass-smbly of the 
right and left tubes. Both half -tubes are driven simultaneously by a worm- 
gear mounted to the right side of the U-shaped crossover as shown in Figure 2. 

When roving, directional control is accomplished by "wagon steering" of 
the front axle, w’'ich rotates about a single vertical axis at its center 
(Fig. 3), turned by a worm-and-gear pair powered by an internally geared 
permanent -magnet motor. A precision potentiometer senses the position of the 
front :xle and feeds thi3 information tack to the steering and rear-wheel 
drive control systems of the vehicle. The individual rear-wheel drives ad- 
just their speeds to match the turning radius. When the front axle is turned 
90* from its straight-ahead position, the rear wheels are driven in opposite 
directions and the vehicle can swing around with the center of turn at the 
mid-point between tho two rear wheels. 

Four-wheel ground contact on rough terrain is assumed: the front axle 

.swings about a horizontal pivot. Its swing is centered and limited by steel 
bands and leaf springs (Fig. 3). 

The entire front axle and steering system is mounted on a horizontal- 
transverse shaft and can be rotated to any position within an arc of 240* by 
a mctorized worm-and-gear pair (Fig. 3). This extra rotation (so-called 
"flipover") capability enables the front axle to flip to an "up" or "down" 
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position and keep its : i v i . lit attitude of 

the front struts. 

Ti.e front and rr. * . ^ . - 

system assist in deplo iiij^ ti. 
tiDn. They also enal>le th v.- ui. < ^ 

ver. In addition, they pio id - a 
up a step which is higher than on- la i 

As can be seen in i i r,iu'*- . 

the deployment sequence . the ira.ii a 
The locking mechanism ciiust n to k ^ 
is a spring loaded locking m 

the hollow square-tuh’C iroi.t stn:i i. 
automatically released and iucks wia i th 
straightened-out position digs. 3h a: a (. 

I'iil: hhi’iahi Mi h i . i ' ' i h' J 


To deploy the front section, ilio iw. i. i -..it .iitade motor (Fig. 2 
front) is utilized to drive the i\ ar ect >n M lvt..n\l strut forward 
while the front wheels roll for^vaid . luv. si --,. ^ 7 and 8). This 

straightens the f- ^nt stmts to a posMion VMic fv iiu aattinatic latching 
devices (Fig. 5) Iv/ck the arti'^ul at i oii in dne 1 1 a i i-nt t. 'u d-out position 
(Fig. 9). 

The front a\le flippim; i:utci tin.. . i. Ci. . hetween the front 

struts r.nd the a.vle to its nonaal .ttiiudt ‘.-ith .tearing axle vertical 

(Fig. 3). 

To deploy th ' roar whacdc , liK- hwi i i ,ai t i ivil raai -wheel pro- 

pulsion drive ’notors ara actuated ia li*<. j ai : hdi .. t i >n As the rear 
wheels roll on the ground, ihe;' btraight«n <.iA tn- aiticiiatad rear struts 
(Fig. 10), while tlio payload box slid jasi> itu gianmd. Once straightened 
out, the rear strut articulation hing*^s arc lo. K i in tin* a.vtended position 
(Fig. 11). 

On the demon St ration model, .u.d i , i,- ui .nd jaaneuvering are 

sent to the vehicle icom iii.inncd cunseU i . at i link. They are 

received on the demonstration ,,.od«. 1 b' .»u mi 1 *a la icccivcr and control 

system. The deployment commands nccc au ’ i < >i,.t >ld the 'ohizlc and make it 
ready for roving are •qucnccs of nai.iali/ in roving. For ex- 
ample, to deploy th^ wheels, tl\c n-ar iwi>ion hai iiu^tor is commanded to 

drive the rear wheel .vnward into cunt ai i tiie surface, same as would 

be used t^ raise the payload, fiien l>oti i( ic . hvcis ^ amiianded to roll 
forward at low speed, thus swingint'^ ^ne hi.i... i piri uf i he roar struts for- 
ward and locking them into ])cs it 'on 0 • b) and 11) 


. i »xle flipping 
•a...- land configura- 
n ip- over maneu- 
• ' chicle to climb 


ii rhe beginning of 
1 :j u i i . permit folding. 
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By driving both front and rear struts dovmward, the payload is now 
raised off the ground and the vehicle becomes f’lly operational (Figs. 12 
and 13) . 


EMERGliNCY MANEUVER 


A useful feature of the RPI-MRV is its ability to extricate its front 
wheels from a pit or depression. If the front wheels are driven over the 
edge of a cliff, the vehicle lifts both front and rear sections off the 
ground while the bottom of the payload rests on the ground. The front and 
rear wheels are interchanged by swinging the struts overhead fFig. 14), Once 
this interchange is completed, all four wheels are once again on solid ground, 
because the rear struts are much shorter than the front section, and the ve- 
hicle can drive away from the edge of the cliff. 


THE RPl WHEEL 


The RPI-M?V's all-metal elastic toroidal wheel is shown in Figure 15 
(refs. 6, 7 and 12). Large footprint and elasticity of suspension is 
achieved by hinged connection.' between the hoop-shaped spring spokes and the 
flexible rim. 


A "SPIN-OFF"; STAIR-CLIMBING WHEEL OlAIR 


One of the most interesting spin-offs of the RPI-MRV Project was the 
■ilopment of a design concept foi ^ --..air-cl xinbing wheel chaia (refs. 13- 
. At a previous presentation conce-^ing the Martian Rover (ref. 3) a 
member of the audience suggested the possibility of adapting its unique 
undercarriage to a stair-climbing wheel chair. The suggestion was welcomed, 
and resulted in a preliminary proposal in the form of a paper submitted to 
the Medical Society of the State of New York (ref. 15). The publication or 
that paper (ref. 14) resulted in numerous inquiries directed to its author. 
Dr. G. N. Sandor. Noting this interest. Dr. Sandor took this idea to one of 
his classes and proposed that the class take on the development of the de- 
sign concept for the "stair-climbing wheel chair" as a term ’project. The 
response was enthusiastic, and work began in February 1974. 

The idea of a central pivot and four struts was adopted directly from 
the rover. The flexible ’.vheel (Fig. 16A) , however, was deemed impractical 
for stair climbing. The problem encountered was ore of approaching the first 
step. It was felt that the step would have to touch the wheel somewhere be- 
low the point at which a tangent to the wheel mauc a 45® angle with the 
ground. Such a wheel would have a minimvim diameter of about 30". Four 30" 
wheels did not seem practical. An alternate solution was to provide any de- 
sired attack angle by means of a track (Fig. 16B) . At the right side of this 
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figure there would be internal guide wheels at top and bottom. Changing the 
relative positions of these two wheels allows generation of. any attack angle 
desired. Figures 16C, 16D and 16E represent three other solutions which were 
proposed. Figure 16C is the "lobed wheel." This particular shape is one 
used on a prototype stair-climbing wheel chair built several years ago. Fig- 
ure 16D is the "cam wheel." The cam, on the left, contacts the step and 
lifts the wheel up behind itself, then folds away and allows the wheel to 
roll. Figure 16E represents three versions of a dual-wlieel concept which 
arose halfway through the project. In the 'irst version, the two wheels turn 
about their own axes and also about the pivot between them, similar to a 
lobed wheel with 2 lobes. In the second version, the auxiliary pivot is 
moved out from between the wheels. The rightmost wheel would rise, engage 
the next higher step, lift the whclc chair one step, roll forward, and repeat. 
Version three has the same action, using linear actuators or hydraulic cylin- 
ders to provide the lifting action. In evaluating the mechanisms, "A" was 
considered toe big, and "C" was deemed unsuitable for varying stair sizes. 

"D" and "E", although of reasonable size and excellent adaptability, were 
thought to be much more complex than a track and were held in reserve in 
case a suitable track brought on too many complications of its own. It was 
decided that the individual inventors (student members of the class) would 
pursue the concepts represented by Figures 16D and 16E, and the rest of the 
group would set to work on a track-type stair climber, with two 3 to 4 inch 
wide tracks, one on each side. 

At this point a 1/6-scale plastic and balsa wood model was constructed, 
resembling Figure 17. Using this model as a rough guide, eleven teams were 
formed to tackle various aspects of the design. Some of the best technical 
solutions came from team members who were also "Martians," that is, involved 
in the Martian Rover Project. The resulting design is shown in a simplified 
form in Figure 18. 


DESIGN CONCEPT OF THE WHEEL CHAIR 

The fully mooorized chair would be 10,1 centimeters {h2 inches) long and 
6,U centimeters (25 inches) wide overall, about the size of present conven- 
tional wheel chairs. Seat height wouli be variable by the occupant at will 
from the height of a normal chair to a height at which a person in the chair 
would be at eye level with a stemding person. This restoration of the verti- 
cal dimension of movement is highly desirable to the disabled, especially when 
he confronts a pay phone, supermarket, library^or overhead kitchen cabinets. 
Vertical movement is accomplished by pivoting the main struts. In doing so, 
the inner, or level-travel wheels lose contact with the ground and the chair 
rests on the stable wide stance of the tracks. 


CLIMBING STAIRS 


In public buildings, stair climbing b.etween floors is usually made un- 
necessary by elevators. Getting into public buildings and private homes is 
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another matter, however. I'liere invariably a curb between the parking lot 
and the entrance sidewalk and building enti'ance. The more athletic wheel 
* chair users can jiunp curbs, but two or three steps might as well be a locked 

and barred gate to a conventional wheel chair user. The stair-climbing chair 
will tack’e S or inch rur^"? head I'.p . ‘^tair? will he climbed backwards, to 
keep a low center of gravity. 


DhSCiiNlUh'G bl'AlkS 


Descent gives rise to the wheel chair user's greatest apprehension and 
fear of falling. To overcome this, the chair will face downhill giving good 
visibility, which is reassuring as well as necessary in avoiding loose ob- 
jects. To assure sufficient stair clearance, two four-bar mechanisms were 
proposed which retract the inner wheels when the chair support strut is 
moved fully rearward for stair climbing or descending. The mechanism for re- 
tracting the froiiL Cuaured wheels, shown schematically in Figure 18, is de- 
tailed in Fj yures 19A and 19B. Figure 19A represents level travel and 19B 
shows the wheel retracted as in Figure 18. 


DRIVE SYSTEMS 


Two separate drive systems were incorporated. The track-drive motors 
will be hub-mounted in the forward track guide wheels and have manual shoe 
type brakes. The level drive, in the configuration of Figure 17, would be 
powered at the two rear wheels, steering by varying the speed ratio of the: e 
wheels. By driving the two rear wheels in opposite directions, a turn in 
place can be accomplished. 

The strut pivots of the Martian Rover used nearly seK ‘ •>cking worm 
gear: . To keep down weight and expense, while improving efficiency, a gear- 
motoi ("M" in Fig. 19C) and spur gear combination was found which met the 
torque and power requirements. The motors would fit inside the aluminum box 
beam struts (Fig. 19C) . A small, low-torque brake, mounted on the free end 
of the motor ro^or shaft, would provide locking action. 

Chair leveling is to be accomplished by the combined moti<>ns of the 
chair-support strut and a motor-driven ballscrew connecting the' side of the 
chair to a pivoted nut on the chaii support strut (shown in Fif . 18) . 

It i.s thought that the chair itself, the speed control system and the 
power supply could be adopted with minor alterations from present electric 
wheel chairs. The track, struts, chair- leveling mechanism and wheel retrac- 
tors are all unique items which need to be tested in a prototyjte to confine 
estimated power, strength, and dimensional aspects. 
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LYNA!ac i.r'sroii 

In addition to the purely r::-j jr.'u.i “il .jp-j -i" vf the design, some work was 
done evaluating the dynamic staLi.lity r.f vehicle with the turning 

radius, speed and surface incllr*aiic;n , rnis worK governs opti- 

mization of the wheel base aud wheel 1 2 ‘ac/. i: ’'.ersions . 

The human side of the' iei:* was cv-noi a^-rtra early in the project and was 
a governing consideration throur.iout, w-re made with professional 

rehabilitation personnel, peter* i al ven r re a:: i i .,teritial users. These con- 
tacts showed that once a prototype is rale, a lar^e effort must be devoted to 
assuring adaptability of the d-''aje ii .i [articular user’s abilities and dis- 
abilities. Careful considerati ..u iiiust te rlveu to operating characteristics 
and aesthetic appearance, thus facilitatl:r a-'ct [itaiice by the user as well as 
by une general public. 

The idea of a stair-climbi:.^ wtieel clialr, ■'while not unique in itself, has 
inspired some very original meciuaiisms viiich hopefully may make this stair 
climber the first to gain wide acceptance. In rehabilitation work, a distinc- 
tion is made between the disabled and the handicapped. A disability is only a 
handicap to the extent that it prevents a person from being a full participant 
in society. A handicap is imposed and may be removed or overcome. The piir- 
pose of this wheel chair would be to remo^^e such handicap. 
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Figure 1. RPl mRF deaonetratlon aiodel In folded "launch and land" 
configuration. 
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Figure 2. Strut-rotation gearbox in center of payload box. 

Rear strut worm gear at left, front strut gear at 
right, pancake motor in front. Similar pancake 
motor, hidden in back, rotates rear struts. 
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Figure 3* Front end of the RPI MRV with ’’flip-over** worm 
and worm gear {leftj and steering gear (center). 



Figure 4. Side view of the MRV demonstration model in the first 
stage of deployment from its folded launch-land con- 
figuration, ihowing articulation of front struts. The 
front whecxs are at the right. 
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Figure 5a. Close-up of mechanism in unlocked position shoving 
spring loaded locking plunger and release member. 



Figure 5b. Front strut articulation an'^ locking mechanism in locked 
position (top) and before locking (bottom). 
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Figure 6. The front strut articulation hinge in the straightened- 
out position, locked by the square plunger Inside the 
square-tube frame member. 



Figure 7. While the payload box rests on the ground, deployment 
starts by rotating the rear section of the articulated 
forward strut clockwise as shown here. 
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Figure 8. With the payload box still on the ground, the front « .ruts 
are approaching the locking position while the front wheels 
roll on the ground in the course of deployment. 




Figure 9. The MRV during deployment, shown just after the fror.* 
stmt articulation has been locked in the straighteneu- 
out position. The payload box still rests on the gronud. 
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Flguire 12. The front struts have been rotated downward, lifting 
the front of the payload box off the ground. 



Figure 13. Rear struts having been rotated downward, the payload 

box is off the ground and the RPI MRV is fully deployed 
in the roving configuration. 
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Figure 14. The KPI MRV executing at emergency maneuver. Hie 
front and rear struts ate exchanging positions » 
clearing each other ns they pass overhead. 






Figure 15. The RPI "all-metal e/aatlc" toroidal tdieel. 
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